We designed a fast event-related fMRI paradigm during which participants 6 listened to pairs of color and action words. In each trial the two words were played one 7 after the other with a stimulus onset asynchrony (SOA) of 2000 ms.
8
The inter-trial interval ranged between 4000 and 16000 ms. Participants were 9 asked to judge the similarity of the two colors or the two actions from 1 to 5 (1: very 10 different, 5: very similar). Responses were collected via an ergonomic hand-shaped 11 response box with five keys (Resonance Technology Inc.). All participants used their 12 right hand to provide responses (thumb = very different, pinky = very similar).
13
Participants were told that they had about 4 seconds to provide a response after the 14 onset of the second word of the pair and they were encouraged to use all the scale (1 15 to 5). Furthermore, the instruction was to judge the similarity of colors and actions 16 based on their perceptual properties (avoiding reference to emotion, valence, or other 17 non perceptual characteristics). Blind participants were told to judge color pairs on the 18 basis of their knowledge about the perceptual similarity between colors.
19
Color and action words were presented in all possible within-category 20 combinations (15 color pairs, 15 action pairs). Each pair was presented twice in each 21 run, in the two possible orders (e.g., red-yellow, yellow-red). Thus, there were 60 trials 22 in each run and the experiment consisted in 5 runs of 7 minutes. Stimuli were 23 pseudorandomized using optseq2 to optimize the sequence of presentation of the 24 different conditions. Three different optimized lists of trials were used across runs. List 25 order was counterbalanced across subjects.
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One early blind was excluded from the analyses because the subject answered 1 to less than 70% of the trials throughout the experiment due to sleepiness. One run of 2 one sighted subject was excluded from the analysis because of a technical error during 3 the acquisition, and two other runs (one in a sighted subject, one in a blind subject) 4 were excluded since the subject answered to less than 70% of the trials in that specific 5 run.
7
Conceptual similarity ratings 8
In order to perform the adaptation analysis, we divided the trials in similar pairs 9 (e.g. red -orange) and different pairs (e.g. red -blue). We did so based on the 10 participants' subjective ratings. For each participant we took the average rating for fig 2B) . However, in some cases, ratings distributions were 18 slightly unbalanced, due to the tendency of some subjects to find more "very different" 19 pairs than "very similar" pairs. In these cases (8 subjects for action ratings [3 EB]; 4 20 subjects for Color Ratings [1 EB]), the automatic split in 5 equal intervals was not 21 possible. Thus, we set the boundary between the 2 nd and 3 rd interval at the ratings 22 average (for that given subject), and set to the minimum (1 or 2, depending on the 23 cases) the number of items in the 3 rd interval (not analyzed), in order to balance as 24 much as possible the number of pairs in the Different and Similar groups. This 25 procedure made so that in these special cases (as well as in all the others), the rating
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values of different pairs were always below the mean, and the values of similar pairs 1 was always above the mean. Fig. S4 
11
ROI definition. Occipital ROI for the PPI analyses were defined as following. 
18
The V4 and V5 ROI were drawn from the literature, considering both perceptual 19 localizers, as well as evidence from semantic/conceptual task. We selected 3 peak 
25
(http://neurosynth.org/) for the topic "action". In Neurosynth, the area in the occipital
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cortex with the highest action-related activation was indeed V5 (peak coordinates: -50,
1
-72, 2). To avoid ROI proliferation, we averaged these 3 peak-coordinates in order to 2 obtain a single peak (average peak: -47, -75, 1).
3
As for V4, we selected the color-sensitive occipital ROI considering perceptual 4 localizers, as well as evidence of color-specific activity from semantic/conceptual task. Correction were thresholded at p<0.05 FEW at the voxel level.
5
All ROI analyses were performed using Small Volume Correction using 6 spheres with a 10mm radius centered around the ROI peak coordinates (see previous 7 session). Within the ROI, results were considered significant at a threshold of p<0.05, 8 FEW-corrected. Here, and throughout the paper, brain coordinates are reported in MNI 9 space.
10
Behavioral data, analysis code and t-maps from the main contrasts will be 11 made available on-line (https://www.biorxiv.org/content/early/2018/08/23/384552).
12
Row fMRI images will be made available upon request, following agreements with our 13 ethical board committee.
15
Results
16
Within-category similarity is encoded in occipital areas in the sighted but not in 4 Fig 1B) . Overall, the average number of "different" trials was slightly larger than the 5 "similar" ones (126 vs 115; F(1,33)=8.41, p=0.007, η 2 =0.20; Fig. 1C ). However, there 6 was no similarity by group interaction (F(1,33)=0.18, p=0.67, η 2 =0.004), indicating 7 that this unbalance (that reflected personal judgments of similarity) was the same 8 across SC and EB ( fig. 1C ). An analysis of reaction times showed that Medium pairs 9 (not analyzed in fMRI) had on average longer latencies than Similar and Different ones 10 (Main Effect of Similarity: F(2,66)=21.07, p<0.001, η 2 =0.38). This was expected since 11 pairs that are neither similar nor different would require longer and more difficult 12 judgments. Crucially, there was no difference in reaction times between different 13 (Mean=1.80 sec, SD=0.39) and similar pairs (Mean=1.79 sec, SD=0.37; F(1,33)=0.09, 14 p=0.76, η 2 =0.003), and no interaction between Similarity and Group (F(1,33)=0.04, 15 p=0.84, η 2 =0.001; Fig 1D) . 9 10 fMRI analysis: to find brain areas that showed adaptation based on conceptual 11 similarity, we looked at the contrast Different Pairs > Similar Pairs, with Medium pairs 12 as a regressor of no interest. Action and color pairs were considered together since,
13
at the whole brain level, we did not find a significant higher-order interaction between 14 Similarity (different, similar) and Category (see the method section for analysis details).
15
In the sighted, similar concepts led to repetition suppression in several occipital areas
16
(See Fig. 2A) , with a significant cluster in and around the left lingual gyrus (peak 17 coordinates: -24, -70, -7). In the blind, instead, adaptation emerged in language-related 18 areas with significant clusters along the middle and superior temporal gyrus, bilaterally 1 (Peak coordinates: 27, -25, 56; Fig. 2B ). Importantly, no adaptation in posterior 2 occipital areas was observed in the blind.
3
A comparison between groups showed greater adaptation in occipital cortices 4 for sighted compared to blind (Fig. 2C) , with peaks in the left superior occipital gyrus 
26
Behavioral analysis: Reaction times analysis using a mixed ANOVA, with Category
27
(action, color) as within-subject factor and Group (sighted, blind) as between-subjects 28 factor, showed no difference between categories (F(1,33)=2.37, p>0.05, η 2 = 0.07), 29 between groups (F(1,33)=0.074, p>0.05, η 2 =0.002) and no Category by Group 30 interaction (F(1,33)=0.69, p>0.05, η 2 =0.02). 31
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fMRI analysis: The contrast Action > Color did not reveal any significant difference 1 between groups, suggesting a comparable categorical representation of action 2 concepts, across sighted and blind (see fig. S2 for details). Indeed, a conjunction 3 analysis between groups showed a common significant activation in the left posterior 4 middle temporal gyrus (lpMTG; Peak= -54, -61, 5; Fig 3A) .
5
On the other hand, a conjunction analysis between groups for Color > Action 6 did not reveal any common activation between sighted and blind after correction for 7 multiple comparisons at the whole brain level. However, displaying the conjunction 8 results at a more lenient threshold (p<.001 uncorrected; Fig 3C) , we could notice a 9 unique common activity for color concepts in the right precuneus (peak= 6, -55, 26).
10
Accordingly, analysis within groups showed a significant precuneus activity in the blind
11
(peak= 6, -52, 20, p= .04) and a marginally significant activity in the sighted (peak= 0,
12
-61, 29, p= .06), with no significant difference between groups (Table S1 ; Fig. S1 ). 
15
Similarly, PPI with seed in the precuneus revealed an increase of color-selective 16 functional connectivity in the occipital cortex of blind compared to sighted participants 17 (lMOG: t(33)= 3.12, p= 0.054; rMOG: t(33)=4.09, p=0.007; Fig 1F and 1G) . Albeit
18
showing a similar activity profile in sighted and blind during conceptual processing, the 19 lpMTG and the precuneus showed a different connectivity profile as a function of early 20 visual deprivation. Such increase in task-based connectivity suggests that occipital 21 areas in early blind, albeit not coding for perceptual similarity as in the sighted, are 22 however active during conceptual retrieval and can be flexibly recruited in interaction 23 with conceptual hubs such as the precuneus and the pMTG. 7
In our study we tested this hypothesis by characterizing the brain activity of 8 sighted and early blind individuals while they rated the perceptual similarity of action 9 and color concepts in fMRI. In particular, we investigated which brain regions encode 10 the perceptual similarity of retrieved concepts using an adaptation paradigm. Results
11
in the sighted group showed that word-pairs referring to similar colors or actions 
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Directly contrasting different categories (Action Vs Color), independently of 1 within-category similarity, showed instead some commonalities in brain activity across . Notably, graph-theoretic metrics of regional 23 cortical thickness covariance found that language and visual regions showed a pattern 24 of merging into shared modules in the blind but not in sighted (Hasson, Andric, Atilgan,
25
& Collignon, 2016). Extending those previous studies, we show here that early blinds
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seem to rely on enhanced connectivity between occipital cortices and temporo-parietal 1 conceptual hubs during conceptual processing. Albeit our data remain correlational, 2 they suggest that EBs' occipital regions are not activated independently of other 3 "classic" regions involved in conceptual retrieval, but they instead work in concert.
4
These results suggest that occipital cortices are involved in conceptual retrieval 5 in both sighted and blind, but with different functions and probably at different levels of 6 representation. Occipital areas may support sensorimotor simulations of visual 7 features during conceptual retrieval in the sighted, showing adaptation for concepts 8 that refer to visually similar objects or events; on the other hand, in the blind, occipital 9 cortices do not encode perceptual similarity, but may be re-organized to engage in 10 more general processes related to conceptual retrieval (albeit these processes need 11 to be better specified; see for instance, Bedny 2017; Van Ackeren et al. 2018).
12
Outside the posterior occipital cortex, we found that the posterior portion of the 13 right IPS showed a stronger preference for color trials in the sighted compared to the 
